Abstract: Biodiversity research and conservation efforts in the tropics are hindered by the lack of knowledge of the assemblages found there, with many species undescribed or poorly known. Our initiative, the Tree Biodiversity Network (BIOTREE-NET), aims to address this problem by assembling georeferenced data from a wide range of sources, making these data easily accessible and easily queried, and promoting data sharing. The database (GIVD ID NA-00-002) currently comprises ca. 50,000 tree records of ca. 5,000 species (230 in the IUCN Red List) from >2,000 forest plots in 11 countries. The focus is on trees because of their pivotal role in tropical forest ecosystems (which contain most of the world's biodiversity) in terms of ecosystem function, carbon storage and effects on other species. BIOTREE-NET currently focuses on southern Mexico and Central America, but we aim to expand coverage to other parts of tropical America. The database is relational, comprising 12 linked data tables. We summarise its structure and contents. Key tables contain data on forest plots (including size, location and date(s) sampled), individual trees (including diameter, when available, and both recorded and standardised species name), species (including biological traits of each species) and the researchers who collected the data. Many types of queries are facilitated and species distribution modelling is enabled. Examining the data in BIOTREE-NET to date, we found an uneven distribution of data in space and across biomes, reflecting the general state of knowledge of the tropics. More than 90% of the data were collected since 1990 and plot size varies widely, but with most less than one hectare in size. A wide range of minimum sizes is used to define a 'tree'. The database helps to identify gaps that need filling by further data collection and collation. The data can be publicly accessed through a web application at http://portal.biotreenet.com. Researchers are invited and encouraged to contribute data to BIOTREE-NET.
Introduction
One of the main problems in conservation biology is a shortage of data on organisms (Myers et al. 2000 , Brooks et al. 2001 , Olson & Dinerstein 2002 , Funk et al. 2005 . Many species are not yet formally named and catalogued (the 'Linnaean shortfall ', Brown & Lomolino 1998) , and a large proportion of those that have been taxonomically described lack adequate data on their global, regional or even local distribution (the 'Wallacean shortfall ', Lomolino 2004) . Not surprisingly, collection and monitoring efforts in some parts of the world have been insufficient to produce reliable, systematic range maps across much of the earth's surface -even for the relatively heavily studied higher plants (Whittaker et al. 2005 ). The Convention for Biological Diversity (United Nations 1992) aimed "to achieve by 2010 a significant reduction in biodiversity loss at the global, regional and national levels". However, these goals have not been met and extinction rates are likely to increase further in the future (Pereira et al. 2010) . Reversing these trends requires, among other things, effective monitoring schemes, yet we currently lack the comprehensive data needed (Pereira & Cooper 2006) . Data shortfalls are especially characteristic of tropical areas (Bawa et al. 2004) , where most of the world's megadiverse areas occur (Myers et al. 2000, Funk and Fa 2010) , and where rates of habitat loss and environmental degradation are highest (Laurance 1999 , Brooks et al. 2002 , Sodhi et al. 2004 , Wright & MullerLandau 2006 , Hoffmann et al. 2010 . Species loss in the tropics is difficult to quantify (Laurance 2007 , Stork 2010 , but at least half of the species in these areas are threatened with extinction (Bradshaw et al. 2009 ). Reducing the further loss of irreplaceable tropical biodiversity has never been more compelling. Accordingly, there is an urgent need, particularly in these regions, to assemble and share information on biodiversity, increase collaborations between tropical biologists and stakeholders, and develop research tools to assist conservation planning, policy development and implementation (Bawa et al. 2004 , Boreux et al. 2009 , Shanley & Lopez 2009 .
Recently several initiatives have tried to address these information gaps at supra-national or global scales. One such initiative, the Global Biodiversity Information Facility (GBIF, http://www. gbif.org), has collated millions of data entries from natural history collections, library materials, and databases (Yesson et al. 2007 ). However, a large proportion of the information currently available in GBIF refers to developed countries, whereas huge information gaps remain in many developing countries, particularly those in the tropics (Cayuela et al. 2009 ). Therefore, more work is needed to identify and fill these gaps. The effectiveness and utility of global initiatives is enhanced when complementary networks work, at smaller scales, to improve the structure and content of datasets that focus on specific regions or taxa. One of the best regional examples of this is the Biodiversity and Environmental Resource Database System (BERDS) of Belize (http://www.biodiversity.bz/), which uses a spatially explicit, relational database for data storage, display, and analysis. Other examples that demonstrate effective collaboration and data sharing are the RAINFOR initiative (Malhi et al. 2002) , and the Amazon Plot Network (Ter Steege et al. 2006) . Data from these smaller but more specific and thus more manageable databases can be integrated into larger exchange programmes, such as the ForestPlots.net database (LopezGonzalez et al. 2012) or the Group on Earth Observations -Biodiversity Observation Network (GEO BON, Scholes et al. 2009, http://www.earthobservations. com/geobon.shtml) . It is in this context that the Tree Biodiversity Network (BIOTREE-NET) emerged as an international initiative whose objective is to organise and store tree data from forest inventory plots in a structured and standardised manner, including spatial information. BIOTREE-NET was developed to contain information on trees (and eventually lianas) from a wide range of tropical forests, including primary and secondary forests, across southern Mexico and Central America. Soon the geographical scope will be expanded to include tropical countries from northern South America, to cover the full distributional range of most neotropical species. The ultimate goal of the BIOTREE-NET project is to provide researchers, managers, and conservation practitioners access to biodiversity data from one of the most diverse and under-explored regions of the world. The specific aims of the project are to: (1) collate existing information on tree biodiversity data and make them accessible to the wider scientific community; (2) integrate, standardise and organise forest plot data, providing relevant meta-data; (3) provide users with data analysis and modelling tools, including species distribution modelling functionality; (4) link spatial tree data with the latest information on species' biological traits; (5) promote data sharing among the scientific community; (6) identify information gaps and formulate research proposals to address those gaps; and (7) contribute to global programmes of biodiversity data sharing with well-structured, comprehensive data. The purpose of this paper is to review the scope, data, and key features of the BIOTREE-NET database. 
Scope
BIOTREE-NET contains tree abundance or presence-absence data from plots located in tropical forests of southern Mexico and Central America (Fig. 1) . This region requires urgent biodiversity research and conservation initiatives. Despite containing an estimated 7% of global biodiversity on less than 1% of the world's land surface (Myers et al. 2000) , this region experiences rates of deforestation and environmental degradation that are among the highest in the world (DeClerck et al. 2010 , Hoffmann et al. 2010 ). Yet there are insufficient human and financial resources to explore even the most basic ecological aspects of most of the species that occur in the region (Cayuela et al. 2009 ).
BIOTREE-NET focuses mostly on trees, instead of other taxa, for several reasons. First, trees are important globally, as species of conservation interest in themselves, especially in the tropics. Second, trees provide habitat, refuge and food for many other species (e.g. insects, Novotny et al. 2006) , and provide structural support for other life-forms, such as epiphytes (Sporn et al. 2010) , lianas (Dewalt et al. 2000) and fungi (Zhao et al. 2003) . Consequently, understanding tree diversity is crucial to understanding the overall biodiversity of tropical forests (e.g. Erwin 1982 , Kissling et al. 2010 . Third, trees control erosion and help regulate the local climate, mitigating largescale environmental problems such as pollution and climate change (Bonan 2008 , Ponette-Gonzalez et al. 2010 . Fourth, as sessile, conspicuous organisms, trees are relatively easy to study compared to more elusive organisms (Lughadha et al. 2005) . Finally, trees account for the majority of the biomass in terrestrial ecosystems (Lughadha et al. 2005) . As a result, there is generally a larger amount of information available about trees in tropical regions, compared with other plant groups such as herbs or fungi. Focusing on trees therefore provides a useful, attainable starting point for comprehensive data compilation.
At present, over 40 independent researchers from 11 countries have contributed to the BIOTREE-NET initiative (see Acknowledgements). Data from forest inventory plots contained in this database vary in their nature (abundance, presenceabsence), shape and extent of sampling area, minimum diameter at breast height (dbh) at which trees are recorded, and data quality. Some inventory plots have been resampled throughout time, and others have not.
Database structure and data storage BIOTREE-NET is based on a relational database that includes 12 tables (Fig. 2) .
The tables store information about each individual plot, the botanical name of each individual tree, diameter measurements, and biological traits of the species. Not all of these data are available for all individual plots.
Given that the data amassed into BIOTREE-NET are forest plot data, we start our description of the database structure with the table inventory. This contains plot information, including location, sampling area and sampling protocol. It is linked to the table projects, which refer to groups of forest plots that have been surveyed largely by the same researcher(s) within a certain time-period; in turn, this table links to one called institution, giving more information about those projects. The table inventory also links to one called people (name and contact details of the researcher(s) responsible for each forest plot), via the intermediary inventory_people. The table inventory also links to temporal, which contains information about the date of sampling and minimum dbh criterion; if a forest plot has been sampled n times, there are n entries with the same inventory id in this table.
Information at the individual tree level is stored in an observation table, where each species is assigned a unique identifier (Fig. 2) . Contrary to other biodiversity databases, a typical entry in the BIOTREE-NET database does not correspond to an individual tree, but to an identified species, for which there is either information on the number of individuals that were recorded in a forest plot (i.e. abundance data) or a record indicating that the species was present in that plot (i.e. presence-absence data). This approach allows us to more easily focus on species-specific patterns within and across plots. The name of the person(s) that carried out the taxonomic identification of each species is also included in this table. If information about diameter measurements is available, it is stored in the table observation_dbh. This table includes the dbh measurement of individual trees, so the unique identifier for each species (from table observation) appears in the table observation_dbh as many times as individuals of this species with dbh information have been registered. The table observation is also linked (via the intermediary inventory_people) to the table taxon, which holds taxonomic information about tree species after standardising species names and correcting misspellings and typographical errors (see below). Finally, the table ecoprofiles stores data on the biological traits and taxonomic description of species that are stored in the table taxon, e.g. habit, scientific description, habitat, endemism, mean plant height, fire tolerance, stem density, mean seed length, leaf size, deciduousness and dispersal syndrome. Information on ecoprofiles is being compiled by a team of expert botanists and ecologists from different countries and it is therefore generated independently from the plot data. These data are linked to each species in the table taxon to provide relevant ecological information, and to increase the usefulness of the database by identifying all registered species that have a particular trait, such as a particular dispersal syndrome, through just one search query. Images of the ecoprofiles are contained in the final table, imagesecoprofiles. Moredetailed information on the BIOTREE-NET relational database can be found in Cayuela et al. (2010) .
Taxonomic standardisation
Data by themselves are not sufficient for competent, high-level research and management recommendations. Given the considerable taxonomic variability arising from the use of different systems and the rapid changes in nomenclature, it is necessary to standardise this information and correct spelling mistakes and typographical errors as much as possible, in order to make reliable inferences. Acquisition of pertinent information, processing, quality control, archiving, timely access and database management are important components that will make the information valuable and usable in research and operational programs (Doraiswamy et al. 2000) .
In BIOTREE-NET we used the Plant List (http://www.theplantlist.org/) to accomplish this task. The Plant List is a working list of all known plant species, which provides the accepted Latin name for most species, with links to all known synonyms for that species. It also includes unresolved names for which the contributing data sources did not contain sufficient evidence to decide whether they are accepted or synonyms.
We wrote an automated procedure in the R environment (Cayuela 2012) to cross-check all species names in our database against the Plant List database (Fig. 3) . If the species name was contained in the Plant List, then we extracted information on whether the species name was accepted, a synonym or unresolved. In case the species was a synonym, the validated name was also obtained from the Plant List. For the species that were not found in the Plant List, we searched for approximate matches to all species within the genus, provided that this information was available and correctly written, using the Approximate String Matching (agrep) function in R (R Development Core Team 2011). This enables automatic identification and correction of typographical errors. For the remaining species, we conducted a non-automated revision of species names to identify: (1) further typographical errors not detected automatically in the previous step; (2) morphospecies, i.e. species identified to genus or family level based on morphological traits; and (3) existing species names which are not currently included in the Plant List. In the case of morphospecies we reassigned the species and gave it a unique name for further analyses. For instance, consider that researcher A and researcher B have identified a species based on morphological traits and labelled it as Persea sp1. These two identifications can refer to different species because researcher A and B have not cross-checked their identifications. Therefore, in order to avoid commission errors, the name of the project is added to the species name in table 'taxon', e.g. Persea sp1_CBR vs Persea sp1_TZA. In case a species name is not included in the Plant List, other taxonomic checklists will be examined (Fig. 3) , such as the Chicago Botanical Garden or the New York Botanical Garden databases.
Technical specification
The BIOTREE-NET project aims to address the needs of researchers and end users. Therefore, we designed a system that is accessible from the Internet (http://portal.biotreenet.com), which provides a web interface and a set of web services that allow both human-machine and machine-machine interactions. The system development has followed a threelayer architecture that is widely used in software development: model, view and controller (Leff & Rayfield 2001) . This architecture allows the management of different layers independently so that changes in one layer do not affect other layers. The framework used for the development of the system is Ruby on Rails (RoR, Ruby et al. 2009 ). RoR enables agile software development by abstracting the functionality of the model, view and controller layers. The differentiation into layers allows for greater control and security as well as the implementation of, independent modules that complement the functionality of the project. Advantages to this framework include authentication multi-language, security layer, abstract model layer, large development community and open source.
The model layer is implemented in PostgreSQL and PostGIS (Fig. 4) to cover alphanumeric and spatial data. In reference to forest plots, spatial data are represented by a point vector layer indicating the plot centroid. In addition, a set of auxiliary layers are also managed from Post-GIS, including administrative boundaries (countries, states, counties), forest types (Arino et al. 2008) , ecoregions (WWF 2010) , and natural protected areas (WDPA 2010). Raster layers, including climatic and topographical data (Hijmans et al. 2005), will be also included within a global spatial data infrastructure. Spatial vector and raster layers cannot be made publicly available within BIOTREE-NET because intellectual property rights are protected in most cases, but project participants will be given privileged access.
The view layer (front-web and web in services) provides an interface for the user or machine with the BIOTREE-NET project (Fig. 4) . This layer is implemented in Dynamic HTML, CSS and Javascript for the front-web, and SOAP for Web Services. The controller layer manages requests through the view layer, performs the required actions, and when necessary, provides access to the model layer. The controller layer is mainly managed in Ruby (Fig. 4) . Other technologies (such as R, GRASS and Python) will be used to complete the project information, for example by fitting statistical models to predict species distribution ranges.
Basic statistical summary of the tree data
All figures given in this section refer to the state of the BIOTREE-NET database as of 27 December 2010. These data are stored in, and available from, the BIOT-REE-NET database, with the ID NA-00-002 in the Global Index of VegetationPlot Databases (Dengler et al. 2011) . By this date, the database contained 2,019 forest inventory plots from southern Mexico and Central America. Most plots are from Mexico (65.9%), followed by Costa Rica (10.2%), Panama (9.9%), Honduras (6.9%), El Salvador (3.4%), Belize (2.1%) and Nicaragua (1.6%) (Fig. 5a) . Figures change slightly if we look at the total sampled area by country, with Mexico holding the largest total sampled area (135.89 ha), followed by Panama (114.16 ha), Costa Rica (29.43 ha), Honduras (12.29 ha), El Salvador (6.39 ha), Nicaragua (6.15 ha) and Belize (5.33 ha). No data have yet been collated from Guatemala but some forest plots have already been identified and new research projects are to be launched in this country in the near future. Forest plots and total sampled area are also unevenly distributed across ecoregions (Table 1) ; this probably represents a general pattern in forest data. Five out of the 42 ecoregions present in this area account for 64.6% of all forest plots, and 14 ecoregions have no information (listed in Table 1 legend). This disparity in plot distribution is due mainly to the specific interests of researchers and access to large datasets of particular regions, such as the Central American pine-oak forests ecoregion (Plate A), the PetenVeracruz moist forests, or the IsthmianAtlantic and Isthmian-Pacific moist forests (Plate B). Even within these large ecoregions, forest plots are unevenly distributed. For example, in Central American pine-oak forests, more than 90% of the plots are concentrated in southern Mexico, while (as previously indicated), no plots are available for Guatemala, and only a few plots are located in Honduras and El Salvador. Around 68% of all the forest plots are outside protected areas. Some protected areas are, however, relatively well sampled, such as El Triunfo (92 plots Nearly 7% of forest plots were undated. Sampling protocols and the type of data collected vary considerably within the BIOTREE-NET forest inventory plots. Most of the forest plots contain data on tree species abundance (90.4%), the rest being presence-absence data only. In the plots with abundance data, 73.5% contain fewer than 100 stems, followed by plots with 100-500 stems (23.6%), plots with 500-1,000 stems (1.7%), and plots with 1,000-5,000 stems (1.2%). Around 20% of the forest plots have information on tree diameter. Plot shape also varies considerably, and sampling protocols include circular plots, quadrats, nested plots, transects and rapid biodiversity surveys. There is also a wide variation in sampling area (Fig. 5c) . A large proportion of forest plots are small, with sampled areas of 0.05-0.1 ha (48.0%) or 0.01-0.05 ha (34.4%). Larger plots are less common, with 1.9% in the range 0.1-0.2 ha, 5.1% 0.2-0.5 ha, 7.5% 0.5-1 ha and only 0.2% of the plots being larger than 1 ha. The largest sampled areas often correspond to a set of smaller sub-samples for which detailed tree species data have been pooled. In such cases, geographical coordinates often indicate the centroid of all sub-samples. More detailed information from these forest plots may be available in a near future. The minimum dbh at which individual trees were recorded for most of the plots was 5 cm (47.1%) or 10 cm (29.8%); however, some plots included smaller trees (Fig. 5d) .
Of the forest plots, 68.8% were obtained from published scientific papers. Of these, only 6% were available for download via the Internet. Around 14.6% were unpublished forest plot data from degree and master theses or technical reports. Finally, ca. 17% of all forest plots come from unpublished surveys carried out by researchers and conservation organisations. The BIOTREE-NET database is a valuable source of floristic information. There are more than 5,000 species names in the database, although a large proportion (20-30%) corresponds to morphospecies. A list of the 20 most frequent species in the database is presented in Table 2 , which mostly correspond to montane pine-oak forest species. In total there are 49,982 observations (each observation refers to an identified species within a forest plot, for which there is associated information on either abundance or presence). Two hundred and thirty of the tree species are included in the IUCN Red List of Threatened Species (IUCN 2010) under the categories of extinct in the wild (1), critically endangered (9), endangered (50), vulnerable (87), near threatened (2), low risk (73), least concern (3), and data deficient (5).
Future outlook
We are now working on an improved structure for the BIOTREE-NET database, developing web applications and data analysis tools. Data quality control is an important issue that needs on-going work and periodical evaluation. Some taxonomic errors can be identified by means of potential species distribution models. The accuracy of geographical coordinates also needs to be assessed. Geographical misallocations of a few dozens of meters can be irrelevant for macroecological analyses, but larger errors can have important consequences for data analyses, particularly in the context of species distribution modelling (Guisan et al. 2007 ). Information about biological and ecological attributes of species is currently being generated. This information is already available for ca. 300 species (N. Ramírez-Marcial, unpublished data), but the target is to reach 1,000 species by the end of the project and to enable an editing system to allow researchers to continue generating and editing this information in the future. This will be especially relevant for species conservation, for example, through the design of restoration protocols that consider seed dispersal mechanisms, and shade or drought tolerance of seedlings.
We strongly believe that a free, readily available and comprehensive database such as BIOTREE-NET may encourage more proactive conservation measures in those countries where scientific effort (e.g. inventories) is limited by economic and accessibility constraints. As more data become part of the network, it will allow for the identification of knowledge gaps with respect to specific geographical areas and/or tree families and species, and this in turn will help focus resources to maximise the usefulness of results. It will also help identify new sources of information, and promote interactions between researchers and research institutions from different areas through common research and technical activities. Through BIOT-REE-NET, scientists working in Central America and southern Mexico will be able to identify and contact other researchers working towards common goals and/or in similar areas, and we hope this will promote collaborations and further exchanges of data and ideas. Although governmental and non-governmental conservation agencies fund academic research, they often do not use the results of such research to guide conservation policies in practice (Prendergast et al. 1999) . Since BIOTREE-NET aims to include data from all suitable sources, we will try to involve as many regional/national government bodies as possible, so that data that may be obscured in official reports become readily available to researchers. Additionally, it may help politicians and wildlife managers establish collaborations with other regions or countries when planning species-specific conservation plans.
As an open-access database, BIOT-REE-NET can be extremely useful for Researchers can also use BIOTREE-NET to investigate ecological communities, analyse species turnover along environmental gradients, and assist in identifying comparable forest ecosystems by matching information amongst research sites. Because BIOTREE-NET incorporates plots of different sizes, such research implies the use of methods that enable comparison of samples of unequal size. We are at present working on the development of rarefaction methods for this purpose (L. Cayuela et al., unpublished results) . Taxonomic uncertainty can be also incorporated to the analyses of ecological communities by randomly re-assigning non identified species in each site to any of the other species found in the remaining sites in an iterative fashion. This allows estimation of a range of plausible values for the parameter of interest under different scenarios of re-assigned species identities (Cayuela et al. 2011) .
A set of tools that provides a database with the ability to run spatial queries will be incorporated into the database through the use of PostGIS. The results of queries will be fed directly into the open source statistical language R within which spatial models can be built and evaluated. Implemented models will include GAMs, tree-based models (CART), generalized linear models and maximum entropy models. Scripts will be implemented on the server and results presented to users in the form of maps and graphical outputs based on submitted queries. The R language will also be incorporated within the PostgreSQL database using the PL/R package. Dynamic overlays will be possible online through spatial queries that allow data to be combined in various ways to address complex research questions. Visualisation of the results of online queries will be provided in the form of web pages and downloadable data files. This output will help resolve specific data needs.
Because a major goal of the project is to provide a powerful and flexible framework that will meet a variety of research needs, researchers with knowledge of SQL will be permitted and encouraged to build and submit their own spatial queries to the system in order to address specific questions. To that end, full documentation regarding the database scheme and structure will be provided for users with the appropriate privileges. The documentation will also include examples on the use of the modelling structure. 
Contributing to the BIOTREE-NET project
Anyone who wishes to contribute to the BIOTREE-NET project with forest inventory data is welcome to participate in this initiative. The BIOTREE-NET database is now publicly available (http://portal.biotreenet.com). The website contains clear instructions for how to get and use the data. Access to GIS layers will be however restricted to data contributors and project participants. It is important to note that contributors must sign an agreement to share and make their data public. This agreement guarantees free distribution of data as long as they are used for non-commercial purposes, and authorship is duly acknowledged whenever used. If data from BIOTREE-NET aim to be used in a scientific publication, data contributors must be given the opportunity to collaborate in such publication. Further information on the participation and data use agreement as well as on intellectual property rights can be found in the BIOTREE-NET website (http://www.biotreenet.com/english/html).
